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Introduction
Injection drug use carries a high risk of HIV transmission and is the driver of the HIV epidemic in parts of Asia and Eastern Europe [1] . Out of an estimated 12.2 million people who inject drugs (PWID) worldwide, 1.6 million (13.5%) are living with HIV [2] , and in Vietnam, up to 40% of PWID may be HIV-positive, varying by province [3, 4] . Thai Nguyen is a northeastern province close to the border with China where urbanization and easily accessible opium and heroin have resulted in increasing injection drug use since the 1990s. Among approximately 6,000 PWID in the province, an estimated 34% are living with HIV [5] .
Depression is common among people living with HIV [6, 7] , and HIV-positive PWID may be particularly vulnerable to depression [8] [9] [10] [11] . The physical and psychological consequences of living with both HIV and drug addiction can lead to and exacerbate depressive symptoms. Depression, in turn, has a negative impact on HIV clinical progression [12] . Compared to patients without depression, depressed HIV patients have worsened immune function [13] , decreased adherence to antiretroviral therapy (ART) [14] , slower viral suppression [15] , faster progression to AIDS [16] , and higher risk of mortality [17, 18] . The co-occurrence of both depression and injection drug use among people living with HIV results in the poorest outcomes [10, 19] .
Early identification of depressive symptoms among HIV-positive PWID is critical to improving health outcomes in this vulnerable population. Addressing depressive symptoms as part of HIV care could enhance quality of life and lessen the impact of depression on HIV clinical progression [20] . Although studies on depression and HIV are numerous, research is limited on the factors that contribute to depression among HIV-positive PWID. Previous studies on depression among HIV-positive PWID have occurred in the US [21] [22] [23] and Switzerland [11] where HIV is not concentrated among PWID and unmet needs for mental health services are not as great. Prior studies in more comparable settings in Indonesia and China focused on PWID not known to be HIV-positive [8] or enrolled participants who were engaged in HIV care and no longer active drug users [9] . To date, studies in Vietnam have assessed the prevalence of depressive symptoms in HIV-positive populations, with estimates ranging from 19% to 40% [24] [25] [26] [27] [28] . However, none of these studies has focused on HIV-positive PWID, and the prevalence in this high risk group remains unknown.
While understanding the prevalence of depression in this population is important, addressing the burden of depression requires efficient targeting of resources. Mental illness is beyond the traditional scope of HIV physicians in Vietnam, and depressive symptoms are often overlooked at outpatient HIV clinics [25, 29, 30] . Training clinic staff to identify depressive symptoms is challenging in the resource-limited settings of Vietnam [25] . Use of depression screening tools, such as the Center for Epidemiologic Studies Depression Scale (CES-D), provide a cost-effective method for recognizing depressive symptoms. Clinic staff without specialized psychiatric training can identify patients for referral to services under the Vietnam national mental health program. Furthermore, determining the characteristics of patients who experience severe depressive symptoms will inform the development and targeting of mental health interventions. A greater understanding of these factors will help to focus limited resources on those most in need of mental health care.
To address our limited understanding of depression in this high risk population, this study measures the prevalence of depressive symptoms among HIV-positive PWID in Thai Nguyen, Vietnam. We further sought to identify demographic, clinical, and psychosocial factors that were associated with severe depressive symptoms in this population. Recognizing depressive symptoms is critical to improving HIV outcomes among PWID and addressing the burden of depression in the resource-limited settings of the HIV epidemic.
Methods

Study population
Our analysis used cross-sectional baseline data from a randomized controlled trial of an intervention to reduce high-risk injecting and sexual behaviors among HIV-positive PWID in Thai Nguyen from 2009-2013. Details of the trial and primary outcomes have been reported elsewhere [31] . Briefly, Thai Nguyen is a northeastern province in Vietnam with increases in injection drug use since the 1990s, and the trial enrolled participants in the 32 sub-districts of Thai Nguyen with the highest number of PWID. Participant recruitment was conducted using snowball sampling, in which recruiters who were former and current drug users approached members of drug networks in private places to discuss study enrollment. The trial enrolled 455 participants who met the following criteria: 1) HIV-positive diagnosis confirmed through study testing, 2) male (given that 97% of PWID in Thai Nguyen are male), 3) at least 18 years old, 4) had sex in the past 6 months, 5) injected drugs in the previous six months, and 6) planned to live in Thai Nguyen for the next 24 months. The trial and this analysis were approved by the ethical review committees at the Thai Nguyen Center for Preventive Medicine, the Johns Hopkins Bloomberg School of Public Health, and the University of North Carolina at Chapel Hill School of Public Health. Written informed consent was obtained from all participants.
Conceptual model and hypotheses
This study assessed the prevalence of depressive symptoms and identified factors associated with depression at the baseline visit for the trial. Our conceptual framework of depression among HIV-positive PWID was based on the biopsychosocial model and considered demographic, clinical, and psychosocial factors as determinants of depression [32] . These factors have been well studied in the general population and in some HIV-positive populations, with limited research among PWID or in Vietnam [33, 34] . This study evaluated the relationship between the demographic, clinical, and psychosocial variables measured in the trial and the likelihood of participants reporting depressive symptoms.
Demographic characteristics shape living and working conditions of daily life and have been found to affect the prevalence of depression in HIV-positive populations [8, 9, 11, 35] . In this study, younger age, lower education, unemployment, and not being married were hypothesized to be associated with a higher likelihood of depressive symptoms among PWID. Clinical factors capture aspects of physical health, perceived by the individual or measured directly, that can lead to and be affected by depression [6, 23, 34, 36, 37] . Among HIV-positive PWID, poorer general health, lower CD4 cell count, awareness of HIV-positive status, and not taking ART were expected to be associated with depressive symptoms. Finally, psychosocial factors play a critical role in the experience of depressive symptoms, with prior research linking social support, stigma, drug use, and quality of life to depression in HIV-positive [21, 38, 39] and uninfected PWID [8, 22] . A lower level of social support, greater stigma, and higher frequency of substance use were hypothesized to be associated with depressive symptoms.
Measures
At the baseline visit for the trial, participants received HIV testing and were administered a questionnaire prior to receipt of HIV results. The questionnaire collected information on demographic, clinical, and psychosocial factors. As part of the questionnaire, the CES-D was administered, which is a 20-item screening tool and widely used measure of depressive symptoms experienced over the past week [40] . Previous studies have demonstrated that the CES-D is a valid and reliable measure of depressive symptoms in Vietnamese populations [25, [41] [42] [43] . Although the CES-D is not diagnostic of clinical depression, a score of 16 or greater has been found to indicate probable depressive symptoms among the general population, and higher cut-points have been used among patients with comorbid chronic illness, such as HIV [25] . Given our focus on HIV-positive PWID, we assessed the typical cut-point of 16 in addition to a more conservative score of 23 to indicate severe depressive symptoms.
Demographic variables. The questionnaire collected information on participants' age, education, employment, and marital status.
Clinical variables. In the questionnaire, participants rated their general health on a fivepoint scale from "Excellent" to "Poor." Participants were asked about prior HIV testing, previous positive results, and ART use in the prior six months. They also provided a blood specimen to assess CD4 cell count.
Psychosocial variables. The questionnaire collected information on participants' perceptions of social support and stigma and their behaviors related to substance use.
Social support was assessed using a modified version of the Medical Outcomes Study (MOS) social support scale that was developed by Sherbourne and Stewart and found to be reliable and stable over time [44] . The scale contained 20 items, asking for the number of close friends and relatives and the types of social support available to the respondent. The four MOS subscales were found to be highly correlated (ρ = 0.43 to 0.80) and had similar associations with depressive symptoms. For this analysis, instead of the individual subscale scores, an overall social support score was calculated for each participant.
Participants were asked about perceived, internalized, and experienced stigma related to both HIV and injection drug use. A set of four stigma scales with a total of 40 items had been developed for the trial, and details have been reported elsewhere [45] . In this analysis, an overall HIV stigma score and an overall drug use stigma score were calculated for each participant.
Participants were asked about the type of drug most frequently injected, the number of days during the past three months they injected that drug, and if they had ever overdosed. Participants completed the Alcohol Use Disorders Identification Test (AUDIT), a screening tool developed by the World Health Organization that assesses recent alcohol use, dependence symptoms, and alcohol-related problems (score of 8 or more) [46] . This analysis used the AUDIT score to classify participants as reporting no current alcohol use (AUDIT score = 0), reporting some alcohol use that was not harmful (AUDIT score = 1-7), and reporting harmful alcohol use (AUDIT score ! 8). Cigarette smoking was assessed by asking participants how many days a week they smoked cigarettes over the last three months.
Statistical analysis
The prevalence of depressive symptoms was assessed using the CES-D scores. Based on the CES-D cutpoints evaluated in prior research [25, 40] , we classified scores of 23 or greater as indicating severe depressive symptoms, scores of 16-22 as mild to moderate depressive symptoms, and scores less than 16 to indicate no symptoms. Demographic, clinical, and psychosocial variables were summarized using means with standard deviations for continuous variables and using frequencies and proportions for categorical variables.
We developed a multivariable model to predict the probability of severe depressive symptoms (CES-D score ! 23) among PWID. Logistic regression models estimated the prevalence odds ratio (POR) and 95% confidence interval for the crude association between severe depressive symptoms and each variable. All variables with a p-value 0.25 were included in the multivariable model, and correlations between covariates were assessed, with no collinearity problems identified. For continuous variables, functional form was assessed based on model fit and likelihood ratio tests. Linear specifications were selected for age, social support score, and stigma scores, and we used CD4 categories based on the CDC classification system of HIV clinical stages. The multivariable model examined the independent effect of each variable on depressive symptoms after adjustment for all other variables. We assessed both the magnitude of the association and the statistical significance of variables in the multivariable model. We considered variables to have a meaningful association with depressive symptoms if the POR was 0.7 or !1.5 with a p-value <0.10. While we identified all variables fulfilling these criteria to suggest important associations, we also noted those variables that had 95% CI that excluded the null (p-value <0.5).
All analyses were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC) and R Version 3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
Baseline characteristics of the 455 HIV-positive PWID enrolled in the trial are shown in Table 1 . The average age of participants was 35 years, half were married or cohabitating (47%), and most had at least a secondary school education (89%) and were employed full-time or part-time (87%). Most participants did not know their HIV-positive status (72%), and given that the majority were newly diagnosed, few were taking ART at baseline (13%). The majority had a CD4 cell count between 200 and 500 cells/μL (48%) or less than 200 cells/μL (41%). Most rated their general health as fair (66%) or poor (30%). All participants reported injecting heroin in the past three months, half reported injecting heroin daily (51%), and most did not report a history of overdose (82%). The majority reported current alcohol use (67%) and daily cigarette smoking (86%). Based on the trial inclusion criteria, all were male and HIV-positive. Fig 1 shows the distribution of CES-D scores among participants in the trial. CES-D scores ranged from 0 to 57 (out of a maximum score of 60), and the average score was 21.3 (SD = 10.5). Among the 455 participants, the prevalence of severe depressive symptoms was 44%, with 201 participants scoring a 23 or greater on the CES-D. 115 participants (25%) reported mild to moderate depressive symptoms (16 CES-D<23), and 139 participants (30%) experienced no depressive symptoms (CES-D<16). The associations between severe depressive symptoms (CES-D!23) and demographic, clinical, and psychosocial factors are shown in Table 2 . In unadjusted models, all variables except for CD4 cell count and age were associated with depressive symptoms and were included in the multivariable model (p<0.25). In the multivariable analysis, marital status, self-rated health, injection drug use, history of overdose, alcohol use, and cigarette smoking remained independently associated with depressive symptoms (p < 0.10 and POR 0.7 or !1.5). The strongest predictors of depressive symptoms were self-reported poor health (POR = 3.32, 95% CI 2.08, 5.30), no current alcohol use (POR = 2.58, 95% CI: 1.63, 4.08), and not currently married or cohabitating (POR = 2.36, 95% CI = 1.52, 3.64).
Discussion
Our study found that high levels of depressive symptoms were common among HIV-positive PWID, with 44% reporting severe symptoms from the previous week. This estimate is consistent with previous reports on depression prevalence among people living with HIV of 40-42% worldwide [34] . Prior studies measuring prevalence in Vietnam found a range from 19% to 40% of people living with HIV reported current depressive symptoms [24] [25] [26] [27] [28] 47] . The elevated prevalence of severe depressive symptoms in our study among HIV-positive PWID, compared to prior work that did not focus on PWID, supports our hypothesis that PWID are particularly vulnerable to depression. They experience a higher burden of depression compared to other . Notably, our study used a conservative CES-D score of 23 or greater to indicate severe depressive symptoms. An even higher percentage (69%) of participants would be classified as experiencing depressive symptoms based on the cut-point of 16 typically used in the general population. In addition, most participants (72%) were unaware of their HIV-positive status when they responded to the CES-D, and depressive symptoms may worsen after learning their diagnosis. Nearly all demographic, clinical, and psychosocial factors were associated with severe depressive symptoms in unadjusted models. Consistent with prior research, marital status, self-rated health, injection drug use, and cigarette smoking remained predictive in multivariable models. Knowledge of these factors associated with depression can inform the development and targeting of mental health interventions for PWID. For example, interventions that promote emotional and tangible support from family members may be optimal. Reducing drug dependency and addressing basic medical needs are also critical components for future work, potentially through linkage to methadone maintenance therapy or HIV outpatient clinics.
An unexpected finding was the inverse relationship between alcohol use and depressive symptoms. Alcohol use, regardless of frequency, appeared protective against depressive symptoms, and no alcohol use was a strong predictor of depressive symptoms among our study's participants. Our qualitative research in this population indicates that alcohol use may be a proxy for social support and participation in family and community gatherings, with no alcohol use corresponding to social isolation and loneliness [49] . We found support for a positive relationship between alcohol use and social support in our study. The POR for alcohol use associated with a 1 SD increase in social support score was 1.36 (95% CI: 1.12, 1.66), and the correlation between participants' AUDIT score and social support score was ρ = 0.17 (p < 0.01). Another explanation is that participants with higher drug use and depressive symptoms purchase heroin frequently and lack money to spend on alcohol. We found that the POR for alcohol use associated with daily injection drug use was 0.47 (95% CI: 0.31, 0.70), indicating that frequent drug use was indeed associated with no alcohol consumption. This inverse relationship between injection drug use and alcohol consumption is also consistent with prior research [50, 51] . This is the first study of depression among HIV-positive PWID in Vietnam, but an important limitation is that participants were not randomly sampled and may differ from other HIV-positive PWID in Vietnam not recruited for this study. Due to snowball sampling, our study conclusions are specific to this sample and should not be inferred as representative of the population. It is also important to note that our findings may not be applicable to other groups, particularly women, or settings where the HIV epidemic is not concentrated among PWID. However, male PWID in Vietnam are a critical population to study. They are the driver of the HIV epidemic in Vietnam, and one-third of PWID in Thai Nguyen are HIV-positive. Our findings may also be relevant to other Asian and Eastern European countries where the HIV epidemic is concentrated among similar groups of men who inject drugs. Another limitation of our study is that the CES-D corresponds to probable depression, not a clinical diagnosis. It does not include items on suicidal ideation, which is an important domain for assessing clinical depression. The CES-D may be affected by social desirability bias or recall bias, such that participants' scores are not a true indication of their underlying depression. However, validation studies have found that the CES-D has high reliability and validity when compared with clinical assessments made by psychiatrists [25] . In addition to its strong psychometric properties, clinic staff with no specialized training can use the CES-D to identify patients with probable depression for further evaluation and referral to mental health services.
Our findings demonstrate that severe depressive symptoms are common among HIV-positive PWID in Thai Nguyen and can be predicted by a variety of demographic, clinical, and psychosocial factors. Given this high prevalence, mental health interventions and widespread availability of depression treatment are urgently needed in Vietnam. Interventions focusing on family social support, drug dependency, and linkage to care may be particularly beneficial for PWID. Ultimately, addressing depression as part of HIV care could improve health outcomes for both of these comorbid and debilitating conditions. Further research is important to identify effective approaches to reducing depressive symptoms and subsequently improving HIV outcomes. 
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